Measuring muscle strength using isokinetic dynamometry allows evaluating and comparing normal and sick children, establishing recovery and rehabilitation goals, and quantitatively monitoring the course of a disease and the response to treatment. The purpose of this study was to carry out a systematic review and meta-analysis focusing on studies that examined the test-retest reliability of isokinetic knee strength measurements in children. This study is important because isokinetic dynamometry is the gold standard for evaluating muscle strength and it allows comparing muscle performance in children. The databases used were PubMed, Web of Science Scopus, and Embase (up to July 26, 2019). Only studies published in English were included in this review. All studies focused on the reliability of isokinetic knees in healthy children or those with cerebral palsy applied to dynamic contractions (concentric or eccentric) and provided measures of strength, reproducibility, ICC, peak torque, or SEM. We found a total of 143 abstracts and examined 94 articles to determine if they met the inclusion criteria. Finally, 10 articles were included in the systematic review and five studies (96 subjects) formed the meta-analysis sample, all of which focused on the reliability of isokinetic knees in the concentric mode. The CAT and QAREL scales were used to assess the quality of the included studies. The meta-analysis revealed high intra-class correlation coefficients (ICC) (0.84; p < 0.001; n = 96 subjects) in the flexion and excellent intraclass correlation coefficients (ICC 0.90; p < 0.001; n = 96 subjects) in the extension. Isokinetic dynamometry could be indicated as a method for measuring muscle strength training in children. However, the reviewed studies suggest some methodological issues in isokinetic tests, such as the rest days between testing and retesting, using the same speeds, protocols, and evaluators, and the performance of the subjects, so more research is required.
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Introduction
The term "muscle strength" refers to a muscle's or a group of muscles' ability to exert maximum muscular force [1] . Isokinetic dynamometry is the gold standard in muscle strength evaluation [2] . It is an adequate system for assessment and diagnosis in the field of biomechanics. Measuring muscle strength allows evaluating and comparing normal and diseased children, establishing goals for recovery and rehabilitation, and quantitatively monitoring the course of a disease and the response to treatment [3] . Therefore, following the safety standards and recommendations for children, isokinetic dynamometry is safe [4] and allows registering a range of angular velocities in both concentric and eccentric exercises [5] .
Reliability is defined as the extent to which measurements can be replicated [6] . Reliability can be presented in relative or absolute values. Relative reliability indicates the degree to which individuals maintain their position in a sample with repeated measurements [7] ; the most common indicator of relative reliability is intra-class correlation coefficients (ICC) [8] . In contrast, absolute reliability refers to the degree of conformity of the measures of a test from moment to moment [4] . The most common indicators of absolute reliability are the standard error of measurements (SEM) and the smallest real difference (SRD).
The reliability of measuring isokinetic knee strength with a dynamometer in children has not been fully investigated. The majority of isokinetic strength reliability studies report the correlation coefficient as an indicator of the agreement between measurements [1] . When reported, often only relative reliability is addressed, via ICC [9] . The relative reliability of isokinetic knee strength measurements in this age group has been reported as moderate [2, 4] to high [10, 11] , and this parameter has been given more importance in previous studies. However, absolute reliability, which refers to the degree of conformity in test measurements from one time-point to another, has not yet been determined in depth. This should be the next step for these studies to clarify clinically important changes for patients [4] . Only two previous studies [4, 12] have given an approximation for the value of SRD. The present review presents more information on this variable. For the above reasons, it is important to know the reliability of isokinetic dynamometry.
Scattered information is available on the reliability of isokinetic measurements for children. Moreover, to our knowledge, no systematic reviews or meta-analyses on this topic have been published. Therefore, the purpose of this research was to perform a systematic review and meta-analysis of existing values of the test-retest reliability of isokinetic knee strength measurements in children, discuss potential limitations of the literature, and suggest recommendations for future research on statistical analyses for interpreting reliability. The current review and meta-analysis can provide valuable information for future guidelines and strategies for muscle strength reeducation in children.
Materials and methods
This systematic review meets the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines (S1 File).
Eligibility criteria
Test-retest studies published in English (up to July 26, 2019) that measured knee flexion and extension in children using an isokinetic dynamometer were included.
For this research, we applied further eligibility criteria. Eligible studies were those that assessed the reliability of isokinetic knees in healthy children or those with cerebral palsy applied to dynamic contractions (concentric or eccentric) and that provided measures of force, reproducibility, ICC, peak torque, or SEM.
We did not include studies that reported duplicate results. The meta-analysis included studies on the reliability of knee movement in the concentric mode, both for the extension and for the flexion of the joint at a speed of 60˚/s, that always included the reliability values of the dominant leg of the subjects.
Two of the authors (FM and JCA) independently examined and screened the titles and abstracts of the retrieved articles to assess study eligibility. Any disagreement or uncertainty was resolved through discussion. All reviewers reviewed the full-text articles that met the inclusion criteria or had uncertain eligibility. Any disagreement was resolved by consensus.
Electronic literature search
Several databases were searched, including PubMed, Web of Science, Scopus, and Embase.
A combination of MeSH terms was used for the PubMed search: child, knee, muscle strength, reproducibility of results, and validation studies.
The specific keywords used for the Web of Science, Scopus, and Embase were combinations of "isokinetic", "knee", "reliability", "reproducibility", "children", "kids", "boys", "girls", and "dynamometer". The exact search was:
children [Title/Abstract] OR kids [Title/Abstract] OR boys [Title/Abstract] OR girls [title/abstract]) AND knee [Title/Abstract] AND (reliability [Title/Abstract] OR retest [Title/Abstract] OR test-retest [Title/Abstract] OR reproducibility [Title/Abstract]) AND isokinetic [Title/Abstract]).
After examining the records, additional searches were conducted in health improvement sources, meta-search engines (Google/Google scholar), and on the Retraction Watch website to identify additional publications and gray literature.
Isokinetic dynamometry
Isokinetic movement is defined by maintaining an angular velocity of constant movement throughout the joint path. The current isokinetic dynamometry system allows evaluating in both concentric and eccentric modes of exercise. The dynamometer shows the value of the moment of force developed at each instant. The most important data recorded by the isokinetic dynamometer is the peak torque or maximum moment of force, which indicates the highest value of force recorded during the test. Another variable an isokinetic dynamometer provides is "work", which expresses the product of the moment of force and angular distance. Peak torque was used in this review.
Evaluation of the quality of the included studies
The selected studies were evaluated using the clinical evaluation tool (CAT) scale developed by Brink and Louw [13] and the Quality Appraisal for Reliability Studies (QAREL) [14] .
The CAT scale is an instrument developed specifically to evaluate the methodological quality of studies, considering the validity and reliability of the objective clinical tests. The CAT scale contains 13 evaluation items. Four of the 13 items refer to validity issues, but the other nine refer to reliability; therefore, only these nine were used for this review. Each article was classified as "yes" when information was described in sufficient detail or "no" when there was not enough information for clarification [13] . A final percentage (%) evaluation column was added based on the items that each study achieved. Thus, the maximum possible score was 90%, which represents the highest methodological quality. Studies were considered high quality if they scored above 45%.
The Quality Appraisal for Reliability Studies (QAREL) scale is a quality assessment tool for diagnostic reliability studies. It consists of 11 questions (meets, does not meet, doubtful or not applicable) grouped into three categories of internal validity (items 3-9), external validity (items 1, 2, and 10), and the relevance of the statistical analyses (item 11). The maximum score is 110%.
Statistical analysis
The meta-analysis included only five articles [2, 4, [10] [11] [12] of the ten incorporated in this review. This meta-analysis focused on the reliability of the concentric mode, both for extension and knee flexion. The choice of these items was because the studies all used a similar speed, 60˚/s, always with the values of the dominant leg of the subjects. In addition, we considered the sample size and the type of participants; all were healthy except for those in Moreau's study, whose subjects had cerebral palsy (CP) [10] .
Heterogeneity between the included studies was assessed using the chi-squared test on Cochran's Q (alpha set at 0.1) statistic [15] and Higgins and Thompson's I 2 statistic [16] .
The random-effects model and the fixed-effects model were used to combine standardized effect sizes with a 95% confidence interval.
The funnel plot and Egger´s weighted regression tests were used to evaluate possible publication bias (p < 0.1 was considered statistically significant publication bias).
Regarding the reliability indicators used in this review, we started with the ICC, which is usually the main indicator of reliability. All ICCs collected in our review are shown at a 95% confidence interval (CI) [12] .
The SEM was calculated from the square root of the mean error term derived from the analysis of variance (ANOVA) [12] and was used to determine the minimum difference that is considered important for a single subject [4] . SEM was calculated as SEM ¼ SD ffi ffi ffi ffi ffi ffi ffi ffi ffi ffi ffi ffi ffi ffi ffi ffi ffi ffi ffi ffi ð1 À ICCÞ p , where SD is the standard deviation of day 1 and day 2 [17] .
The SRD is shown as a measure of sensitivity to change. In the original formulation, SRD was defined as the 95% confidence limit of the SEM of difference scores [18] . The SRD was calculated as SRD ¼ 1:96 � ffi ffi ffi 2 p � SEM [17] . The percentages of SEM and SRD are shown to represent the error of measurement in relative terms and thus allow comparing the different variables [12] . This was calculated with: [SEM or SRD / mean of all values] [12] .
Results

Search strategy and quality of studies
A total of 143 studies were identified through searches in electronic databases. Among these studies, we identified and eliminated 49 duplicates. Only 14 studies met the inclusion criteria, but four of these studies were excluded. One study was excluded because it presented different ages, another because it did not evaluate the knee joint, and another two because they did not perform test-retest. A manual search of the bibliographies of the relevant articles revealed no additional studies. Therefore, ten prospective studies were included in this systematic review on isokinetic knee movement in children (Fig 1) .
The quality of the articles according to the CAT quality score varied between 23% and 78%, with the maximum possible being 90%. According to the analysis, eight articles were evaluated as high quality ( Table 1 ). The quality of the articles varied according to the designs of the studies.
According to the QAREL scale, the quality of the articles varied between 30% and 100%, with the maximum possible being 110% ( Table 2 ). Evaluation data indicate that eight articles scored between 60 and 100%. Table 3 shows the characteristics of the participants. The sample sizes (n) of the final ten studies ranged from 12 to 39 participants, with participants aged 5-15 years. Some of the studies compared the dominant side with the non-dominant side. The joint evaluated in all studies was the knee. All studies evaluated the segments using computerized isokinetic dynamometers: Lido-Active, Cybex II, Cybex Norm, Biodex 6000, Biodex System 3, and Biodex System 4.
Characteristics of the studies
The contraction speeds ranged from 15˚/s to 247.5˚/s (4.32 rad/s) for the evaluation of the concentric mode and 60 to 180˚/s for the eccentric mode.
To classify the strength of reliability, we used the scale proposed by Landis and Koch [19] : 0 represents poor reliability, 0.01-0.20 slight reliability, 0.21-0.40 regular reliability, 0.41-0.60 moderate reliability, 0.61-0.80 substantial reliability, and 0.81-1.00 very high (almost perfect) reliability.
All selected articles presented strength measurements for both knee flexion and extension in the concentric mode. Of these, only three [4, 5, 11] analyzed knee flexion and extension in the eccentric mode as well. Four studies [2, 5, 11, 12] included tests on both dominant and non-dominant legs. Studies found substantial and very high (almost perfect) reliability for all analyses, regardless of movement, speed, type of contraction, evaluation of the dominant or non-dominant leg, and whether the participants had CP or not. The Pierce's study identified regular and moderate reliability where the knee flexion was assessed at 15˚/s and 90˚/s with ICCs of 0.31 and 0.38, respectively. This study also identified moderate reliability, because it measured knee extension assessed at 15˚/s and at 90˚/s with ICCs of 0.51 and 0.50, respectively. Both movements were in the concentric mode [20] . Fagher also measured knee flexion at 60˚/s and 180˚/s with ICCs of 0.62 and 0.49, respectively. This study, although it showed substantial reliability when measuring knee extension at 180˚/s with Isokinetic and children an ICC of 0.68 in the eccentric mode, showed moderate reliability (0.60) for knee flexion [4] ( Table 4 ).
Only three articles [2, 4, 12] described the SEM. The values were represented in Newton/ meters and as a percentage ( Table 5 ).
The SRD was described in only two articles [4, 12] . These values were also represented in Newton/meters and as a percentage. All values were below 60% for flexion in the eccentric mode (Table 4 ).
There were many differences in the values of mean and standard deviation of peak torque (Tables 4 and 5 ). For example, in Fagher et al. [4] , in the concentric mode, the values of the second measure were better than the first one for knee extension and for knee flexion. However, in the eccentric mode, the values of the second measure were worse than the first one for both knee extension and knee flexion.
Moreover, several studies found decreases in knee flexion in the concentric mode from the first to the second measurement [3, 5, 20, 21] .
In the three articles using the eccentric mode [4, 5, 11] , there were also differences in the values observed when comparing the test-retest.
Meta-analysis
We performed a meta-analysis of the five studies for the reliability of knee movement in the concentric mode for both the extension and flexion of the joint of the subjects' dominant leg at a speed of 60˚/s. In this aspect, the aforementioned reliability was observed in more detail. For the knee extension, the correlation coefficient was 0.89 for fixed effects and 0.90 for random effects ( Table 6) .
For knee flexion, this correlation coefficient reached values of 0.82 for fixed effects and 0.84 for random effects. Fig 2 shows the values mentioned in the above table in a more schematic way. This figure allows quickly comparing each of the correlation coefficients, both for fixed effects and for random effects, between the concentric extension and flexion of the knee.
Regarding the heterogeneity of each action of the knee, we emphasize:
• For knee extension, a value of Q = 12.59; I 2 = 68.22; Significance (p) = 0.0135; 95% of the IC for I 2 = 18.05-87.68. • For knee flexion, a value of Q = 10.29; I 2 = 61.14%; Significance (p) = 0.0358; 95% of the IC for I 2 = 0.00-85.41. The Egger test was used to evaluate the asymmetry of the funnel plot. The results of the Egger test for both knee extension and flexion were not significant (p = 0.109 and p = 0.136), suggesting that there is no publication bias.
Publication bias
Discussion
The knee is one of the most studied joints in isokinetic dynamometry research, probably because it is easy to evaluate using a dynamometer [1] . Knee extensor and flexor strength are recognized as important for daily tasks, e.g., moving, standing or sitting, weight lifting, and climbing stairs [1] . In addition, many studies of knee extensors indicate that these could be representative of the total strength of the lower extremities. It is not only important to analyze the absolute values of flexors or extensors, but also the balance of both at the same time if the contralateral deficit is a compensated deficit; i.e., there is an adequate agonist/antagonist relationship [22] . Isokinetic dynamometry offers clear advantages over simple measurements to assess muscle strength, such as the continuous and accurate measurement of force production across a range of velocities of movement [23] .
As we have indicated in the results, there were different heterogeneities for the test-retest data in each of the articles: they showed high and moderate values. Most authors thought that the results for the second tests would be better due to a learning effect [8, 24] . Some studies indicated a need for additional practice and familiarization with test procedures in this age group [25] . Other studies emphasized that the isokinetic method has the advantage of making it possible to detect large differences in the same muscles when analyzing at peak torque [26] .
We analyzed the studies that reported reliability for the assessment of muscle strength in healthy children with CP. Our review suggests that the studies had good-to-excellent levels of reliability of muscle strength assessment in dominant and non-dominant knees using isokinetic dynamometry (0.7-1 correlation), except for Pierce et at. [20] , which had low and moderate intra-class correlations at the velocities 15˚/s and 90˚/s, and Fagher et al. [4] , where most results were moderate. Our results also support the contention that the muscle strengths of healthy children and children with CP are quantifiable and measurement is reliable, even in the presence of spasticity.
Otherwise, there were four studies whose participants were children with CP [10, 20, 21, 27] and one study whose participants were children without CP [11] where the values for the second test decreased compared to the first test in the concentric mode, but only for knee extension. The ICCs of these articles, except for Pierce et al. [20] , were high for knee extension (Table 4 ). These results demonstrate that voluntary muscle fatigue of the knee flexors and extensors can be reliably and feasibly assessed in children. It is believed that the number of repetitions and the type of contraction may influence the assessment of peak voluntary torque in subjects with CP. A possible explanation for this could be that the coordination of the agonist and antagonist muscles is more impaired at higher velocities than at lower velocities in children with CP [21] . It is suggested that there is higher heterogeneity for children with CP than for their healthy peers. The tests may be less suitable for children with CP than for healthy children because of attention deficits, which are known to occur with CP [28] . Future research should establish normative values regarding spasticity of the knee flexion and knee extension in children with CP to allow for the clearest interpretations of clinically meaningful change in these subjects. This review emphasizes the need to find a consensus around the minimum change necessary to indicate a clinically important change for an individual or a particular population. Analyzing the only two articles that included SRD [4, 12] led us to suggest that: 1) for the knee extension in the concentric mode, the minimum change is around 15-15.5 Nm in absolute value and 31% in relative value with a speed of 60˚/s and 34.5% with a speed of 180˚/s; in the eccentric mode, the SRD should be 49.8%. 2) For knee flexion in the concentric mode, the minimum change is around 9.8-13.0 Nm in absolute value and 36.5-38.5% in relative value; in the eccentric mode, the SRD should be 59.6%.
Most of the studies had a time interval of one week between tests. One study had a threedays interval [3] and another two studies had time intervals lower than two hours [20, 21] . It is reasonable to establish a one-week interval because intervals of approximately 1 week between tests could maximize the effects of learning while still managing any effects of muscle fatigue [29] .
A meta-analysis evaluates the replicability and generalizability of results, which are the hallmarks of good science [30] . This review presents a meta-analysis for the reliability of each of the included studies. The results of our analyses are shown in Tables 3 and 4 . We hope to provide more accurate and definitive values that will guide future research on the population treated here. Table 6 shows that the reliability varies. However, reliability is high for all the studies analyzed: for knee extension, reliability reaches a high-good level (0.89) for fixed effects and an excellent-very high level (0.90) for random effects; for knee flexion, reliability reaches a high-good level (0.82-0.84) for both fixed and random effects, which are lower values than for extension. The study of Kellis et al. [11] is the most reliable for extension, with an intra-class correlation coefficient of 0.98 and a range of 0.933-0.994 for 95% of the CI. For flexion movement, Moreau et al.'s study [10] meets the high expectations seen in Tables 4 and 5 for articles dealing with subjects with CP: this article has a correlation coefficient of 0.96 and a range of 0.860 to 0.989 for 95% of the CI. According to the meta-analysis, the relative reliability is high.
The methodological quality of this review, shown in Tables 1 and 2 , means it is a very useful tool for comparing the studies and allows drawing conclusions about the reliability of the studies. First, the percentages of items met (Tables 1 and 2) indicate the limitations of the articles depending on the requested variables. Only one article reaches 78% quality [12] , in CAT scale, and three are below 50%. The final mean of the percentages is approximately 53%, meaning that only half of the variables are fulfilled. In QAREL scale only one article reaches 100% quality and eight articles are above 55%.
The meta-analysis shows that one study has a 78% (CAT scale) and 100% (QAREL scale) score for methodological quality [12] , another had 67% and 70% [2] , and three studies had 56% and 60% [4, 10, 11] . The meta-analysis (5 studies) has a small sample (n = 96), but these results seem very interesting, since the reported reliability coefficients are high and excellent. High reliability coefficients are usually reported by studies with small sample sizes, which are associated with large standard errors and higher than normal CIs [30] .
Limitations
The main limitation is the heterogeneity (isokinetic devices, populations, protocols. . .) of the identified studies. Because of the relatively small numbers of eligible studies, and the variability in the statistics used between studies, there were insufficient numbers to allow a meta-analysis for all velocities and the eccentric mode. For the same reason, a sub-analysis of the possible subgroups could not be performed. Of the five articles selected, four treated healthy children and only one study evaluated children with cerebral palsy. As for another possible subgroup, two articles evaluated soccer-playing children and three evaluated children who were not soccer players. As stated above, one evaluated children with cerebral palsy.
Publication bias exists in any literature review and should be considered when interpreting the results. Measures were taken to minimize bias as much as possible, including conducting a comprehensive search of multiple databases with gray literature databases. Only articles published in English and in peer-reviewed journals were included, which may have reduced the number of results. In addition, this meta-analysis was not registered online.
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